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The application of behavioral science to various problems in education has resulted in some startling innovations. One of these is the self-teaching technique called programmed instruction. Through specially designed programmed texts, physicians are keeping up with new developments in medicine; unskilled industrial personnel are learning how to operate complex equipment; trigonometry students are learning to do logarithms; illiterates are being taught to read and write; and detail men are learning to explain the chemical structure and clinical use of new drugs.
Basically, programmed instruction involves the application of theories of learning to practical problems of education. Thordike As the technology of programmed instruction evolved and matured, a variety of methods and techniques have developed. Obviously, postgraduate medical education programs will look very different from programs designed for elementary school children, and both of these will look different from programs designed to teach people how to listen more effectively. However, they all have certain characteristics in common.
A very simple example follows. By doing the items at the top of the next page, you can teach yourself, in about two minutes, how to square, mentally, any number ending in five. Be sure you always write in your own answer before looking at the correct answer, shown in the right hand column. Cover the correct answer with a piece of paper until you have written in your own answer. period during which corpus luteum is present 7.
period of follicle growth
As can be seen from these examples, the main features of programmed instruction are:
1.
Step-by-step progression in complexity of material. Each step is a question or problem to which the student must make an active response before he can proceed. Because each step builds upon the knowledge taught in the previous steps, the student is never required to answer a question about a subject until he has learned the answer to it.
2. At each learning step, the student is required to make an active response. He is not the passive recipient of information; rather, he exercises and practices his knowledge and skill as he acquires it. He 'learns by doing." 3. As soon as the student has made his response to an item, he can find the correct answer which is normally shown alongside the question. In this way the student is reassured that he is progressing satisfactorily. Different learners will progress through a program at different rates. In a group of thirty, the fastest learner may progress three times as fast as the slowest learner. With programmed instruction, the fast learner is not held back by the slow one, and the slow learner is not left behind in a state of helplessness and confusion. Also, learners who might be embarrassed to demonstrate their ignorance or show their failure to understand in front of other persons can be "stupid" in private. When he is taking a program, a learner can go at his own pace and make "silly" mistakes without anyone else knowing about it.
The variety of programming methods and techniques currently in use are due to the varying requirements of different types of subject matter as well as to the differences in learner groups. Programs intended for children in the lower grades use shorter frames and smaller step sizes than those intended for children in higher grades. Programs in advanced areas, such as post graduate medical education, have frames which are sometimes an entire page in length, and which assume considerable prior knowledge on the part of the learner. When the learner group is particularly heterogeneous, various branching devices, such as express stops, may be used. An express stop is a self-diagnostic frame, in which the learner is told that if he is able to answer a particular question, he may skip ahead to a specified point, but 102 MAY 1965 if he is unable to answer it, he should proceed to the next frame. This is just one of several devices used to accommodate individual differences.
Not all programmed instruction uses the paper-and-pencil response mode. The response mode must always be related to the type of behavior being tapght. For example, if the behavior to be learned is a conversational skill, then the program must require spoken responses. If the behavior to be learned is typing, then the responses must be made on a typewriter. Some programs in industry use the audio-lingual mode to teach interpersonal skills, such as interview skills. In an audio-lingual program, the learner hears his instructions and hears sample conversational exchanges on a magnetic tape or a record. He makes his responses orally, or by selecting an answer from several possible answers in a special response booklet.
In the early days of programmed instruction, a great deal of attention was focused on teaching machines. A teaching machine is primarily a device which exposes only one frame of the program to the learner at a time. When the learner has responded, he then is able to advance to the next frame by pushing a knob or button. The main advantage of a teaching machine is that it prevents "cheating"-peeking at the answer before having made the responseand unauthorized looking back at previous frames. But, machines are expensive, can break down, are difficult to move or carry around, tend to slow down the student, and restrict the range of programming techniques that can be used. The trend in the past few years has been away from teaching machines and toward programmed text presentations, illustrated by the samples in this article. When the technical problems are solved and when costs are reduced, it is quite possible that this trend will be reversed, but this is not likely in the very near future.
Although programmed instruction has not yet achieved the same degree of success in the school system that it has achieved in postgraduate education and in industrial training, there is every indication that it will eventually be used to a greater extent in the classroom, especially if good programs become available, and teachers learn to select and use them.
There is certainly no lack of interest in this new technology among teachers. With some, this interest arouses hope and expectation; with others, anxiety. Some teachers have voiced the fear that they may be replaced by programmed instruction, this fear is quite unjustified. Some teachers have assigned programmed instruction as homework. Other teachers have used programs to help the class learn the basic subject matter, and then have used the remaining classroom time for discussion, questions, and exchange of ideas. It has frequently been said that programmed instruction can take much of the drudgery out of teaching: grading homework is eliminated because programs do not need to be graded. Tests and examinations become comparatively less important, because students who have completed a program can be counted on to have achieved the required levels of knowledge. Professionally developed programs usually will produce median final examination scores of 90 percent, or better. Only those students who have not taken the program can fail the final examination.
PRODUCING A PROGRAM
As in any other technology, the production of effective materials requires the collaboration of a team of specialists.
Before a program can be prepared, the behavioral changes that the program is expected to produce must be described in detail. Programmers do not talk about what the learner should "understand" or "know" or "be familiar with." They talk about what the learner should be able to do after having completed the course that he could not do before: the questions he should be able to answer, the problems he should be able to solve, the explanations he should be able to give, the diagrams he should be able to draw, and the kinds of responses he should be able to make in given situations. These are all examples of behavior. Once the behavioral outcomes are known, production of the program can begin.
The initial step in the production process is called "task analysis." This is the identification and description of the tasks which the student must learn to perform in order to do his job or carry out the objective established for the program.
Task analysis requires the collaboration of subject matter experts and behavioral psychologists. The subject matter experts must be familiar with the problems of the occupation for which the learner is being trained, and must be able to identify the individual tasks that must be learned. The psychologist (or "behavioral technologist") then insures that the description of these tasks is specific, operational, and behavioral. He must be sure that the tasks are specified in terms of the situations that arise in practice, and in terms of the responses which the learner is expected to make in these situations.
The task analysis approach to planning the teaching of subject matter will yield a syllabus which will be different from that which other approaches might yield. For example, if one approached the development of a syllabus for a nursing course with such questions as, "What topics should a nurse study?" or "How much physiology does a nurse need to know?", the syllabus would be different from one developed by asking, "What are the situations and problems which a nurse encounters and how should she cope with them?" This latter approach is the one taken by the behavioral technologist in carrying out a task analysis. However, this does not mean that theoretical background knowledge is neglected. When the behavioral technologist analyzes the decisions and judgments a nurse must make in order to cope successfully with any particular situation, he quickly discovers that the nurse needs theoretical background knowledge although many of the skills she uses are practical ones. The behavioral technologist carrying out a task analysis works back from the tasks, which he and the subject matter expert have identified, to the background material which must be mastered in order to enable the nurse to cope with the tasks successfully.
One significant finding in a series of task analyses carried out in nursing is that among the nurse's most critical skills are those of an interpersonal nature. The nurse spends more time with the hospitalized patient than any other professional worker, and the patient often develops an emotional as well as physical dependence upon her. To some extent, the nurse assumes some of the functions normally fulfilled by the patient's family. It is not enough to say that a nurse must have sensitivity, understanding, perception and the ability to use herself in her interaction with the patient. These are skills that she can acquire systematically. In programmed instruction it is the task analyst's responsibility to work with the subject matter expert to identify, define, and analyze the specific behavior needed by a nurse in given situations so that she may then be taught some of the necessary interpersonal skills.
Once the task analysis has been completed, we know in general what should be taught in the course. The next step is to describe these tasks VOLUME 65, NUMBER 5 MAY 1965
PROGRAMMED INSTRUCTION in such a way that we can use the descriptions, known as specifications, as a test of whether or not a learner has acquired the desired knowledge when he has completed the program being developed. The emphasis is upon behavior and the conditions under which this behavior is to occur. The questions the learner should be able to answer, the problems he should be able to solve, and the situations with which he should be able to cope after having completed the course become the specifications of behavioral objectives. Examples of specifications of behavioral objectives are frame 7 on page 100, and frames 22 and 23 on page 102.
Next, the behavioral technologist examines these objectives and dissects them into their most minute behavioral components. He breaks them down into categories and classifications that make sense from a teaching standpoint. The behavioral technologist works in collaboration with the subject matter experts. He needs the answers to detailed, specific questions from someone who knows the subject matter thoroughly. He may ask such questions as "What are some examples of concept X?" "Will the student confuse concept X with another superficially similar concept?" By asking questions of this type the behavioral technologist obtains lists of examples and "non-examples," which can later be used in the concept formation process. When the learner later learns that a, b, c, and d are all examples of concept X, and that e, f, g, and h, though they look like cases of X, are not cases of X at all (non-examples), but rather cases of Y, the psychologist says that the student is learning the concepts X and Y. During the process of analyzing the desired behavior, the behavioral technologist also asks such questions as "What is the first question the student should ask himself when confronted with problem Z?", and "What are the detailed steps of the reasoning process which the student should follow when trying to solve Z?" The term "problem" is used here in a broad sense; it could be an interpersonal situation, a clinical situation, or an ordinary stoichiometry problem. The behavioral technologist works out the precise steps to be used, and later teaches these steps through a self-instruction program. One example of teaching a series of thought steps is provided by the little arithmetic illustration on page 99.
THE TEACHING SEQUENCES
Once the behavioral objectives of the course have been specified, and the behavioral analysis has been completed, step-by-step instructional sequences, known as frames, can be developed. After the frames are prepared, the program is tested with learners who are typical members of the target population for whom the program is intended. Invariably, some parts of the test program will be too easy, other parts too difficult, and many parts just confusing.
The 
